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Towards the Control and Prevention 
of Waste in IT Service Operation 
Using Fuzzy Logic: Focus in Incident 
Management Process
All production lines are continuously confronted with 
the phenomenon of waste, especially in IT operations. 
A waste is assessed in terms of the required resourc-
es and the cost employed to solve the problem behind 
it. Eliminating the waste in daily operations is essen-
tial to improve IT service management. This article 
aims to provide an estimation of the level of potential 
waste, where waste generation trends are provoked 
by the activities of IT service management processes. 
We are going to focus particularly on the possibility 
of applying a Lean improvement process to IT ser-
vices processes when using fuzzy logic method. We 
specifically demonstrate our contribution through the 
application of fuzzy analysis to the incident manage-
ment process. This approach also aims at developing 
a theoretical and pragmatic model and promoting the 
knowledge of IT experts. In order to make our frame-
work as generic as possible, concepts of IT operations, 
including the incident management, are inspired by 
the Information Technology Infrastructure Library 
(ITIL), the most prominent framework for IT service 
governance according to the current literature.
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tions → Process control systems
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1. Introduction
Thinking deeply about purpose, process and, 
most importantly, focusing on how people 
achieved their work is the core idea of the Lean 
philosophy [21]. The Lean methods were born 
in the industry and the various Lean Assess-
ment Tools (LATs) have been experimented in 
the engineering industry. The ultimate objective 
of these methods is to provide perfect value to 
the customer through value creation process 
with zero waste. However, despite the fact that 
wastes negatively impact business, they still 
persist in organization processes and IT opera-
tions. Applying Lean to IT aims to identify and 
eliminate the sources of lost productivity and, 
in particular, IT waste during service IT opera-
tion.  The Lean management recommendations 
involve both preventive and curative approach-
es to tackle the waste phenomenon. In practice, 
preventive solutions enable important optimiza-
tion [6]. It is now assumed that the success of 
any IT implementation is especially influenced 
by its effectiveness in identifying and process-
ing the problems early on, in order to minimize 
negative impacts on the IT services [24]. This 
is particularly important as any variation on the 
IT processes has an immediate impact on cus-
tomers [19]. On the other hand, it is commonly 
known that a key factor that guarantees continu-
ous organization improvement is a powerful IT 
processes management [1].
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3. Preliminary
As mentioned before, fuzzy methods are fre-
quently used to improve the efficiency of IT 
operations, as well as for manufacturing op-
erations. In this work, our main purpose is to 
propose a systematic approach to eliminate all 
non-value-added activities (waste), which can 
be associated with activities such as exces-
sive movement, waiting, defects, inappropriate 
treatment, excessive stocks, transport, lack of 
knowledge, and overproduction [12].
Figure 1. Triangular membership function  
(Klir and Yuan).
We choose the triangular membership represen-
tation depicted in Figure 1. The triangular func-
tion is defined by lower limit a, an upper limit 
c, and input value x, where a ≤ x ≤ c. The x-ax-
is represents the universe of discourse of the x 
criterion, while the y-axis represents the degree 
of belonging in the interval [a, c]. The reason 
for this choice is the fact that the triangular 
and trapezoidal fuzzy sets are the most com-
mon types of fuzzy set operations, due to their 
simplicity and sufficiency in most analyses [7]. 
Two ranges of value in this triangular represen-
tation could be identified from Figure 1. The 
first is fuzzified into the input value lower b, 
where b represents midpoint of the opposite 
side of vertex. The second is fuzzified into the 
input value upper b. The membership function 
and its different values are readily calculated by 
using the linear approximation:
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2.2. Fuzzy Logic Applications
Fuzzy methods have been implemented in many 
areas of research and application such as eco-
nomics, industry, manufacturing operations, pro-
duction management, engineering, health scienc-
es, natural sciences, mathematics, services, and 
information and communication technologies 
[12]. The fuzzy logic method was developed to 
use both quantitative and qualitative measures of 
Lean implementation. In other words, the fuzzy 
logic allows manipulating both measurable and 
objective results, and user perceptions [5]. In this 
sense, an assessment of evaluation methods, in-
cluding Analytically Hierarchy Process (AHP) 
and Work In Progress (WIP), were conducted 
[7]. This study demonstrates that the fuzzy logic 
method offers several possibilities for analysis 
by quantitative and qualitative measures. Anoth-
er comparison work between the Hidden Mar-
kov Model (HMM) and fuzzy logic has shown 
better accuracy for fuzzy logic in assessing web 
service reliability [11]. In the same way, another 
study argues the usefulness of fuzzy logic in the 
quantification of wireless and mobile networks 
to improve service quality [17]. The fuzzy logic 
method is used in different research areas in or-
der to make predictions or estimations accurate-
ly. Furthermore, performing imagery work using 
fuzzy methods and generic algorithms optimizes 
not only the results, but also the parameters of 
the method of fuzzification [32]. This optimiza-
tion includes a fusion between several methods, 
namely particle swarm optimization (PSO) or 
ant colony optimization (ACO) to enhance the 
performance of network-based fuzzy inference 
system ANFIS [30] [31].
Our approach represents one iteration towards 
a process of continuous improvement in or-
der to better manage the subjectivity, which 
is represented by fuzzy rules concentrated on 
the experts of the IT domain. In addition, this 
approach supports several Lean approaches as 
much as to improve the management process-
es in operation and remove waste according 
to Fuzzy-AHP method [27] [28], but it differs 
from the fact that it adapts specific altitudes of 
IT services treatments,  namely the intangibil-
ity, subjectivity and user perception. This way 
opens perspectives towards other techniques 
using machine learning [33] or Fuzzy c-means 
(FCM) [29].
In this paper, we propose a preventive waste 
approach for any IT operation. We will illus-
trate our approach through the IT incident 
management process according to Lean rec-
ommendations, and then show how it could be 
strengthened to other operations. In order to be 
able to analyze waste, it is required to lay out a 
convenient design directives for IT operations. 
We have chosen ITIL [9] as a Lean application 
environment since it has proven to be the most 
committed to IT service management [8]. Ad-
ditionally, the success of ITIL implementation 
process depends not only on organization arti-
facts specifications, but also on the pertinence 
and the consistency of principles provided ac-
cording to IT service life cycle. As stated by 
ITIL, any IT operation is managed according 
to one of the following phases: a) Service Op-
eration (SO), which includes guidance on how 
to achieve effectiveness and efficiency in the 
delivery and support of services to ensure value 
for the client and service provider [3], (b) Con-
tinual Service Improvement (CSI), which pro-
vides essential guidance to create and maintain 
value for clients through better conceptualiza-
tion to operationalization of services [16].
This paper provides a novel approach for 
preventing waste in IT operations. In order 
to achieve these results, we proceeded by in-
depth approach, from abstract to concrete, wich 
means towards a bottom-up method. Firstly, we 
defined the scope of intervention for IT service 
management with the proposal of the model 
which links type of waste MUDA within the 
service operation [10]. The second step consists 
of determining the IT operation management, 
and consequently fusioning the IT processes 
and the Lean approach with a new system that 
integrates the waste as an integral part of the 
value chain of  IT service operation [25]. The 
third step has as its purpose identification and 
categorization of the different wastes and their 
root causes, in order to optimize the existing 
processes, specially ITIL processes, and enable 
identifying the weak spots and the activities 
generating wastes [26]. All this work will al-
low us the necessary knowledge flow into our 
control system and estimation based on fuzzy 
logic method. It is mainly able to identify and 
evaluate the wastes. As a matter of fact, the 
aim of applying the fuzzy logic in the incident 
management is to distinguish several catego-
ries of incidents - according to established cri-
teria - with distinct uncertainty and therefore, 
distinct generated wastes. The delivered out-
put allows IT managers to suitably monitor the 
required improvement of the IT operations in 
question. The outline of this work is structured 
as follows. Section 2 reviews the fuzzy logic 
applications answering the waste issue in var-
ious contexts. Section 3 shows the subtlety of 
using the fuzzy method in IT operation incident 
to prevent wastes. Section 4 depicts some fuzzy 
logic concepts. Section 5 presents our method 
of prevention and estimation of wastes. The 
strengths and disadvantages of the method will 
be discussed in Section 6, with the focus on the 
case study applied to the incident management 
process in the context of IT operations. Finally, 
Section 7 presents the conclusion and perspec-
tives.
2. Related Work
2.1. IT Incident Management
IT operations are the daily operations handling 
the management of an organization's informa-
tion system. In this context, several incidents 
that might result from service requests are re-
ported with various pertinence levels. For in-
stance, incident management is the process of 
restoring normal operation when an incident is 
defined as an interruption of the normal func-
tioning or a reduction in the quality of service 
[14]. The aim of this operation is to restore ser-
vice as quickly as possible, using standard res-
olution processes [12]. Typically, the life cycle 
of the incident management process is impact-
ed by the priority entry criteria of the incident. 
It also generally requires specific activities per-
turbing the process, which generates potential 
waste. The incident management process is 
actually not run as a linear flow since it car-
ries out both external and internal flows, e.g., 
unnecessary movement of material and infor-
mation, excess work-in-process such as queues 
and pending requests, unnecessary movement 
of people in service areas with a poor layout 
[15] [8]. In addition, the escalation procedure 
is also known as an important source of delays.
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4.1. IT Operation Incident Criteria
In the following passage, we will exhibit differ-
ent phases of implementation of the systematic 
approach for managing IT incidents. The first 
phase focuses on identifying the incident crite-
ria, all based on ITIL practices[16]. In this con-
text we consider the following criteria:
C1 = Severity, C2 = Urgency, C3 = Gravity.
Table 1. Incident linguistic variable.
Criteria/Values 1 2 3 4
Severity Critical Major Minor Trivial





 ● Severity: refers to how serious the problem 
is from an infrastructure perspective and 
system.
 ● Urgency: measures how long it will be un-
til an incident has a significant impact on 
the IT service.
 ● Gravity: evaluates the effect of an incident 
on operational processes. Gravity is often 
based on how deeply the incident problem 
has affected the service.
4.2. Criteria Fuzzification
This phase involves transforming the input cri-
teria linguistic variables, expressed in natural 
language, into values in the range [a, b], which 
are fuzzy values. The value is the net minimum 
value of the criterion and b is its maximum. 
The fuzzy values are measured by membership 
functions where μ(x) is the degree of certainty 
of the value x. The degree relates to member-
ship values where it is between 0 and 1, since 
μ(x) ∈[0, 1]. In the same way, we will exploit 
our fuzzy set in order to have a waste output in 
the form of a membership function.
The ultimate purpose of this stage is to build 
the fuzzy set according to a given incident. This 
step allows preparing the defuzzification and 
aggregation step. The fuzzy set is identified as 
(X = x / Y = dj), where x is a crisp value for 
the given incident waste and dj are the degrees 
that are identified to quantify the waste. In our 
setting, the fuzzy set for the output variable Zj 
is defined as the membership function through 
the triangular representation depicted in Figure 
1. Thus, for each crisp value Zj, the waste corre-
sponds to a fuzzy set with a membership func-
tion under the following presentation.
Table 2. Waste linguistic variable.
Criteria/Value 1 2 3
Waste High Moderate Low
Figure 2. A systematic approach to controlling wastes in IT Incident Management.
After the application of the fuzzification pro-
cess of all the inputs, we want the result to be 
a net value and not a fuzzy set. We therefore 
need to transform the fuzzy set into a single nu-
merical value as a net worth of outputs. This 
transformation is performed by using both ag-
gregation and defuzzification methods. The 
Hamachersum operator is applied as the aggre-
gation method. This choice stems from the fact 
that the Hamachersum is an operator that seems 
to model human decision making better than 
traditional aggregation AND, OR, and union 
operators because of its compensatory proper-
ties and better suitability to empirical data [22]. 
Besides, although many defuzzification meth-
ods have been described in literature, they have 
generally been applied using standard centroid 
methods [21]. It is also assumed that the cen-
troid and ensemble maximization and minimi-
zation methods are two approaches commonly 
used for defuzzification [20]. However, as the 
centroid method is based on the computation of 
a center of gravity of the aggregated surface, it is 
more robust to extreme values and could over-
come the sensitivity problem in other methods. 
This prompts its application in our approach.
4. Systematic Approach of  
Conttrolling Wastes
Our approach means to employ the fuzzy log-
ic method in an IT context, particularly in the 
processes of service operation. In this article, 
we will experiment with the incident manage-
ment process to prevent potential waste. Figure 
2. shows the systematic approach proposed. 
Through its five phases, its final aim is to esti-
mate the degree of wastes that can be generated 
by treatment of incidents.
In order to be able to perform these phases, we 
need to prepare the following three main set-
tings: 
(i) selection criteria to characterize the input 
incidents, 
(ii) definition of rules of the fuzzy method, and 
(iii) evaluation of generated waste. 
In other words, our waste prediction model is 
mainly based on the following three central el-
ements:
 ● incident criteria: define a set of attributes 
that characterize a given incident. A crite-
rion is defined as Ci qualifying the incident 
k. For a given incident k, Ci is evaluated 
by Valueik, where Valueik ∈{li1, li2, ..., lin} 
and n ≥ 2 is the number of identified lin-
guistic variables for the criterion Ci. Lin-
guistic variables are used to quantify the 
criterion value. Each criterion takes more 
than one level lik and constitutes an input 
for the membership function. Moreover, 
we define C = {Ci | 0 ≤ i ≤ n} as the set 
of defined criteria. In the present contribu-
tion, we considered three criteria: severity, 
urgency, and gravity.
 ● generated wastes: represent the evalua-
tion of wastes resulted from a given input 
of incident criteria. For a given incident 
k, a waste is evaluated by Valuek, where 
Valuek ∈{d1, d2, ..., dm} and m ≤ 2 is the 
number of linguistic variables for the 
waste Wi. Each linguistic variable dk quan-
tifies the degree of the estimated waste 
according to a given incident. The gener-
ated waste is produced by applying respec-
tively the defuzzification and aggregation 
methods, e.g., centroid and Hamachersum 
methods, on the fuzzy rules output results. 
It is worth mentioning that the quantifica-
tion of the generated waste depends close-
ly of the design of fuzzy rules.
 ● fuzzy rules: uses fuzzy input values to trig-
ger inference rules and generate fuzzy out-
put values. For the IT incident k, the set of 
rules are defined as:
Rk: If C1 = Value1k [And/Or]....Cn = Valuenk  
Then Wk = Valuek
where, for a given incident k, for each i, 
Ci represents an input criterion evaluated 
by Valueik and Wk represents the degree of 
potential waste evaluated by Valuek. The 
goal of the established rules is to define 
the mapping between the set of evaluated 
criteria and the quantified estimated waste. 
These rules are written by team IT experts 
in order to reflect human subjectivity.
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Rk: If C1 = Value1k [And/Or]....Cn = Valuenk  
Then Wk = Valuek
where, for a given incident k, for each i, 
Ci represents an input criterion evaluated 
by Valueik and Wk represents the degree of 
potential waste evaluated by Valuek. The 
goal of the established rules is to define 
the mapping between the set of evaluated 
criteria and the quantified estimated waste. 
These rules are written by team IT experts 
in order to reflect human subjectivity.
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tion applications). Applications exchanges are 
managed centrally, in batches, or through web 
service. Any type of batch interface uses trans-
fer tables for data exchanging and transforming.
With respect to ITIL standards, the company's 
IT incident management life cycle is conducted 
through the following steps. First, we proceed to 
the identification of the incident where we clas-
sify and diagnose the incident. This step allows 
us to prioritize handling actions. Second, the 
incident verification step is performed and a re-
port is examined to confirm if it concerns a real 
issue that deserves attention. If so, the incident 
resolution cycle is launched. Once the incident 
resolution is accomplished, the involved parties 
are informed. Finally, the process is closed. It is 
noteworthy that incident processing and deliv-
ery are managed by releases. For each release, 
the number of incidents that will be processed 
and delivered is known in advance. However, 
there are always exceptions that lead to a revi-
sion of the scope and priority of the incident.
5.2. Fuzzy Logic Approach Deployment
In this section, we provide a proof of concept of 
the current approach through its application in 
a real-world context. The first step consists of 
building a fuzzy set through input criteria crisp 
values characterizing each of the reported inci-
dents.
Table 4. Input criteria as regards waste generated.
Incident
Input Criteria Output Waste
Severity Gravity Urgency
Waste fuzzy set Defuzzified wastes Waste degree





INC1 1 1 2 0.188 0.718 0.000 1.218 Moderate High
INC2 1 2 1 0.180 0.730 0.000 1.230 Moderate High
INC3 3 2 3 0.000 0.088 0.608 2.412 Low Moderate
INC4 3 2 2 0.000 0.556 0.296 1.944 Low Moderate
INC5 2 1 3 0.000 0.796 0.136 1.704 Moderate Moderate
INC6 2 2 3 0.059 0.912 0.000 1.412 Moderate High
INC7 3 2 2 0.000 0.697 0.202 1.803 Low Moderate
INC8 1 1 1 0.403 0.396 0.000 0.896 High High
INC10 2 1 2 0.235 0.647 0.000 1.147 Moderate High
INC11 4 2 2 0.000 0.797 0.135 1.703 Low Moderate
INC12 4 2 3 0.000 0.775 0.150 1.725 Low Moderate
INC13 4 2 3 0.000 0.689 0.207 1.811 Low Moderate
INC14 2 1 1 0.389 0.412 0.000 0.916 Moderate Moderate
INC15 2 1 2 0.114 0.829 0.000 1.329 Moderate High
INC16 4 2 2 0.000 0.092 0.605 2.408 Low Moderate
INC17 4 2 3 0.000 0.039 0.641 2.461 Low Low
INC18 4 2 2 0.000 0.977 0.016 1.523 Low High
INC19 1 1 1 0.640 0.040 0.000 0.540 High High
INC20 3 1 2 0.000 0.700 0.200 1.800 Moderate High
We also establish the range of the linguistic out-
put variable (Wastes), in Table 2, required for 
designing the fuzzy sets of a given incident.
Fuzzy set representation of waste:





valuevalue valuez d d dµ = + + ,      
(2)
where dj1 = High, dj2 = Medium, dj3 = Low.
4.3. Expert Knowledge
At this stage, we have specified both inputs and 
outputs of the fuzzy sets. Next, we will show 
how we build and apply the inference rules de-
rived from the technical and functional exper-
tise of the practitioners. These rules represent 
the knowledge base for the evaluation of poten-
tial wastes in the incident management. We use 
the input values of the criteria to build the in-
ference rules and generate fuzzy output wastes. 
The structure of the rule conditions is as shown 
in Table 3.
Table 3. Example of rules.
Expert Rules
1 if Severity is Critical and Gravity is Blockerissue and Urgency is Immediate, then Waste is High
2 if Severity is Critical and Gravity is Blockerissue and Urgency is High, then Waste is High
3 if Severity is Critical and Gravity is not blockeris-sue and Urgency is High then Waste is high
4 if Severity is Critical and Gravity is not blockerissue and Urgency is Medium, then Waste is Moderate
5 if Severity is Major and Gravity is Blockerissue and Urgency is High, then Waste is High
6 if Severity is Major and Gravity is Blockerissue and Urgency is Medium, then Waste is Moderate
7 if Severity is Major and Gravity is not blockerissue and Urgency is High, then Waste is Moderate
8 if Severity is Major and Gravity is not blockerissue and Urgency is Medium, then Waste is Moderate
Table 4 gives for each set of incident criteria Ci 
an evaluation by using linguistic variables. Ac-
cordingly, the expert evaluates the waste Wj by 
using the corresponding degree dj. The defined 
rules are mainly exploited for estimating the 
level of generated waste for an input incident.
4.4. IT Operation Wastes Degree
In the case of a Mamdani Fuzzy Language Con-
trol, the fuzzy accumulation operator is used to 
accumulate the obtained terms of each output 
variable to obtain one fuzzy set. The last phase 
consists of transforming fuzzy values into real 
values (crisp). For this purpose, we will use 
the centroid defuzzification method, as justi-
fied earlier, to quantify the generated waste. It 
consists of choosing fuzzy inference methods, 
i.e. the definition of the defuzzification meth-
od, thus converting the fuzzy outputs of each 
variable into net values. The most commonly 
used method in this conversion is the centroid 
defuzzification controller, which is employed 
to calculate the net value of the surface cen-
troid of the fuzzy set [23]. The completion of 
this step with a numerical output representing 
the degree of waste generated by an operational 
processing of the incident gives an idea of the 
possible deviations to avoid when managing 
this process.
5. Case Study: Incident Management 
Process
The case study was conducted in the context of 
an IT service organization. The incident man-
agement process is launched by the user in or-
der to be analyzed and corrected by the techni-
cal teams. In this context, we aim at showing 
how the present approach allows analyzing the 
wastes generated by the incident management 
process so as to ensure its continuous improve-
ment. In order to quantify the effect of incidents 
in terms of waste, we show next how we can 
reuse the settings described in the previous Sec-
tion 3.2.
5.1. Deployment Context
The IT service company concerned by the case 
study is operating in more than sixteen loca-
tions across Europe. This leads to multiple 
technical, language, time zone and regulato-
ry requirements, and thus poses problems for 
clients. Specifically, the IT environment of the 
French site includes hardware and software 
components (servers, operating systems, back 
office and front office applications, and integra-
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tion applications). Applications exchanges are 
managed centrally, in batches, or through web 
service. Any type of batch interface uses trans-
fer tables for data exchanging and transforming.
With respect to ITIL standards, the company's 
IT incident management life cycle is conducted 
through the following steps. First, we proceed to 
the identification of the incident where we clas-
sify and diagnose the incident. This step allows 
us to prioritize handling actions. Second, the 
incident verification step is performed and a re-
port is examined to confirm if it concerns a real 
issue that deserves attention. If so, the incident 
resolution cycle is launched. Once the incident 
resolution is accomplished, the involved parties 
are informed. Finally, the process is closed. It is 
noteworthy that incident processing and deliv-
ery are managed by releases. For each release, 
the number of incidents that will be processed 
and delivered is known in advance. However, 
there are always exceptions that lead to a revi-
sion of the scope and priority of the incident.
5.2. Fuzzy Logic Approach Deployment
In this section, we provide a proof of concept of 
the current approach through its application in 
a real-world context. The first step consists of 
building a fuzzy set through input criteria crisp 
values characterizing each of the reported inci-
dents.
Table 4. Input criteria as regards waste generated.
Incident
Input Criteria Output Waste
Severity Gravity Urgency
Waste fuzzy set Defuzzified wastes Waste degree





INC1 1 1 2 0.188 0.718 0.000 1.218 Moderate High
INC2 1 2 1 0.180 0.730 0.000 1.230 Moderate High
INC3 3 2 3 0.000 0.088 0.608 2.412 Low Moderate
INC4 3 2 2 0.000 0.556 0.296 1.944 Low Moderate
INC5 2 1 3 0.000 0.796 0.136 1.704 Moderate Moderate
INC6 2 2 3 0.059 0.912 0.000 1.412 Moderate High
INC7 3 2 2 0.000 0.697 0.202 1.803 Low Moderate
INC8 1 1 1 0.403 0.396 0.000 0.896 High High
INC10 2 1 2 0.235 0.647 0.000 1.147 Moderate High
INC11 4 2 2 0.000 0.797 0.135 1.703 Low Moderate
INC12 4 2 3 0.000 0.775 0.150 1.725 Low Moderate
INC13 4 2 3 0.000 0.689 0.207 1.811 Low Moderate
INC14 2 1 1 0.389 0.412 0.000 0.916 Moderate Moderate
INC15 2 1 2 0.114 0.829 0.000 1.329 Moderate High
INC16 4 2 2 0.000 0.092 0.605 2.408 Low Moderate
INC17 4 2 3 0.000 0.039 0.641 2.461 Low Low
INC18 4 2 2 0.000 0.977 0.016 1.523 Low High
INC19 1 1 1 0.640 0.040 0.000 0.540 High High
INC20 3 1 2 0.000 0.700 0.200 1.800 Moderate High
We also establish the range of the linguistic out-
put variable (Wastes), in Table 2, required for 
designing the fuzzy sets of a given incident.
Fuzzy set representation of waste:





valuevalue valuez d d dµ = + + ,      
(2)
where dj1 = High, dj2 = Medium, dj3 = Low.
4.3. Expert Knowledge
At this stage, we have specified both inputs and 
outputs of the fuzzy sets. Next, we will show 
how we build and apply the inference rules de-
rived from the technical and functional exper-
tise of the practitioners. These rules represent 
the knowledge base for the evaluation of poten-
tial wastes in the incident management. We use 
the input values of the criteria to build the in-
ference rules and generate fuzzy output wastes. 
The structure of the rule conditions is as shown 
in Table 3.
Table 3. Example of rules.
Expert Rules
1 if Severity is Critical and Gravity is Blockerissue and Urgency is Immediate, then Waste is High
2 if Severity is Critical and Gravity is Blockerissue and Urgency is High, then Waste is High
3 if Severity is Critical and Gravity is not blockeris-sue and Urgency is High then Waste is high
4 if Severity is Critical and Gravity is not blockerissue and Urgency is Medium, then Waste is Moderate
5 if Severity is Major and Gravity is Blockerissue and Urgency is High, then Waste is High
6 if Severity is Major and Gravity is Blockerissue and Urgency is Medium, then Waste is Moderate
7 if Severity is Major and Gravity is not blockerissue and Urgency is High, then Waste is Moderate
8 if Severity is Major and Gravity is not blockerissue and Urgency is Medium, then Waste is Moderate
Table 4 gives for each set of incident criteria Ci 
an evaluation by using linguistic variables. Ac-
cordingly, the expert evaluates the waste Wj by 
using the corresponding degree dj. The defined 
rules are mainly exploited for estimating the 
level of generated waste for an input incident.
4.4. IT Operation Wastes Degree
In the case of a Mamdani Fuzzy Language Con-
trol, the fuzzy accumulation operator is used to 
accumulate the obtained terms of each output 
variable to obtain one fuzzy set. The last phase 
consists of transforming fuzzy values into real 
values (crisp). For this purpose, we will use 
the centroid defuzzification method, as justi-
fied earlier, to quantify the generated waste. It 
consists of choosing fuzzy inference methods, 
i.e. the definition of the defuzzification meth-
od, thus converting the fuzzy outputs of each 
variable into net values. The most commonly 
used method in this conversion is the centroid 
defuzzification controller, which is employed 
to calculate the net value of the surface cen-
troid of the fuzzy set [23]. The completion of 
this step with a numerical output representing 
the degree of waste generated by an operational 
processing of the incident gives an idea of the 
possible deviations to avoid when managing 
this process.
5. Case Study: Incident Management 
Process
The case study was conducted in the context of 
an IT service organization. The incident man-
agement process is launched by the user in or-
der to be analyzed and corrected by the techni-
cal teams. In this context, we aim at showing 
how the present approach allows analyzing the 
wastes generated by the incident management 
process so as to ensure its continuous improve-
ment. In order to quantify the effect of incidents 
in terms of waste, we show next how we can 
reuse the settings described in the previous Sec-
tion 3.2.
5.1. Deployment Context
The IT service company concerned by the case 
study is operating in more than sixteen loca-
tions across Europe. This leads to multiple 
technical, language, time zone and regulato-
ry requirements, and thus poses problems for 
clients. Specifically, the IT environment of the 
French site includes hardware and software 
components (servers, operating systems, back 
office and front office applications, and integra-
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especially in IT operation. The FuzzyLite Soft-
ware was used to fuzzification and defuzzifica-
tion treatments moreover, fuzzy rules integra-
tions. This tool allows us to visualize the fuzzy 
approach application, to the effect that Lean 
improvement processes give high importance 
to visualization. For each incident entered, a set 
of rules are activated in order to enable comput-
er aggregations using the humacherSum func-
tion and display the potential waste by using the 
centroid function. 
The following steps, laid out in Java language, 
describe an incident fuzzy process between de-
termination of variables and provision of the 
net value representing potential waste:
Step 0: Declaration of Variables:
InputVariable Ci = new InputVariable();
OutputVariable Wi = new  
OutputVariable();
Step 1: Declaration the range  of value: 
Input Valueik.setRange(min, max);
Output Valueik.setrange(min, max);
Step 2: Fuzzification Triangular membership 
function:  
using Equation (1)
Step 3: Activation of rules block (Rk):
RuleBlock Rk = new RuleBlock();
Rk.setActivation (new General());







Step 5: display of waste value using centroid 
defuzzification:
Wi.setDefuzzifier(new Centroid(100));
This crisp value represents a level of potential 
waste towards IT incident management process 
activities. This level will be compared by the 
actual waste observed at the closure of the in-
cident.
5.5. Results and Discussion
Table 4. summarizes the results of the execu-
tion of our fuzzy logic approach to twenty in-
put incidents, which produces the waste degree 
estimation in the output. For each incident, in-
put criteria are evaluated and entered into the 
system. The corresponding fuzzy set for each 
incident is highlighted in the ''Waste fuzzy set'' 
column. The final result of the fuzzy logic ap-
proach is depicted in the ''Estimated Waste'' 
column, which corresponds to a crisp value of 
the waste. The corresponding degree of this es-
timated value is represented by the ''Estimated 
waste'' degree column. It is noteworthy that this 
estimated degree corresponds to the biggest ob-
tained degree in waste fuzzy set, as described 
by Equation 1, for each incident. The last col-
umn shows the ''Observed waste'' degree in the 
deployment according to the experts who were 
in charge of handling the incidents. This degree 
was fed by the selfsame experts who have set-
tled the waste linguistic variables and the fuzzy 
rules.
Several observations could be highlighted from 
Table 4. Firstly, the observed waste degree is 
greater than the estimated wastes for almost all 
the incidents. This reveals that, in general, the 
actual incident management process is more 
complex than initially estimated. This may be 
due to additionally required information or to 
supplemental tasks essential for the treatment 
process. This can also result from the experi-
ence limitations of stakeholders, which drives 
the treatment process inefficiently once it is 
identified and launched.
Further, although both the incident INC18 se-
verity and the estimated waste degree were low, 
the observed degree waste was high in the ex-
periment. This is explained by the fact that this 
incident was treated twice. Actually, the affecta-
tion of the incident was bad due to the incorrect 
evaluation and classification at the upstream of 
its treatment process. This situation is generally 
known in ITIL as the escalation activity.
Finally, we consider our fuzzy logic based 
framework to be useful in several contexts. For 
In the context of IT incident management, the 
sets of reported incidents are multiple. We focus 
on a release comprising new incidents about a 
production line. In our experiments, we have 
followed the five phases indicated in the sys-
tematic approach, see Figure 2. We deployed 
the steps using a tool called fuzzyLitte that 
allows implementing and executing the fuzzy 
steps using Fuzzy Control Language (FCL). 
Figure 3 represents the execution flow from the 
input incident criteria to the waste estimation. 
The execution flow uses the settings described 
in Section 5.
Through an illustrative example, Figure 3 high-
lights the relationship between an input inci-
dent and its estimated waste. We should start 
with defining and establishing a set of input 
criteria and thus fuzzify them using the ''tri-
angular membership function''. For this exam-
ple the Severity = 1 ⇒ µ(x) = 0.329/Critical 
+ 0.543/Major + 0.000/Minor + 0.000/Trivial 
Figure 3-a). Then, after applying the fuzzy rules 
represented as the following form: Rk: Si C1 = 
Value1k [AND/OR] ... Cn = Valuenk THEN Wk = 
Valuek (Figure 3-b), the Hamachersum aggre-
gator operator is used to get an aggregated area 
of waste. Finally, defuzzification transforms 
this area to a crisp value, which is considered 
to be the estimation of the waste relative to 
the input incident. For example: INC1: µ(x) = 
0.188/High + 0.718/Medium + 0.000/Low ⇒ 
Y = 1.218, where Y represents a level of waste 
as crisp value (Figure 3-b).
5.3. Experimental Setup and Data Incident 
Organization
In order to organize the steps of the proposed 
approach, the following tool was used to collect 
and process data to incident management: Jira 
software was used to track all the life cycles of 
incidents, from identification to closure, thus, 
to recover the values of the input parameters for 
the fuzzy process. Each incident will be qual-
ified by an IT team with a crisp value related 
to the incident level. Hence, what influences 
all treatment chains supports waste generation. 
This chain consists of seven key stages of inci-
dent response, namely, detect the incident, set 
up team communication channels, assess the 
impact and apply a severity level, communicate 
with customers, escalate to the right responders, 
delegate incident response roles, resolve the in-
cident. These proceedings are likely to generate 
wastes such as rework, delays and other more 
technical stages related to batch and inter-ap-
plication flow.
5.4. Algorithm or Steps of Fuzzy Logic 
Experimentation
This section represents an iteration of the logi-
cal fuzzy application in a real IT service context, 
Figure 3. Example of fuzzy logic method application to an input incident.
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especially in IT operation. The FuzzyLite Soft-
ware was used to fuzzification and defuzzifica-
tion treatments moreover, fuzzy rules integra-
tions. This tool allows us to visualize the fuzzy 
approach application, to the effect that Lean 
improvement processes give high importance 
to visualization. For each incident entered, a set 
of rules are activated in order to enable comput-
er aggregations using the humacherSum func-
tion and display the potential waste by using the 
centroid function. 
The following steps, laid out in Java language, 
describe an incident fuzzy process between de-
termination of variables and provision of the 
net value representing potential waste:
Step 0: Declaration of Variables:
InputVariable Ci = new InputVariable();
OutputVariable Wi = new  
OutputVariable();
Step 1: Declaration the range  of value: 
Input Valueik.setRange(min, max);
Output Valueik.setrange(min, max);
Step 2: Fuzzification Triangular membership 
function:  
using Equation (1)
Step 3: Activation of rules block (Rk):
RuleBlock Rk = new RuleBlock();
Rk.setActivation (new General());







Step 5: display of waste value using centroid 
defuzzification:
Wi.setDefuzzifier(new Centroid(100));
This crisp value represents a level of potential 
waste towards IT incident management process 
activities. This level will be compared by the 
actual waste observed at the closure of the in-
cident.
5.5. Results and Discussion
Table 4. summarizes the results of the execu-
tion of our fuzzy logic approach to twenty in-
put incidents, which produces the waste degree 
estimation in the output. For each incident, in-
put criteria are evaluated and entered into the 
system. The corresponding fuzzy set for each 
incident is highlighted in the ''Waste fuzzy set'' 
column. The final result of the fuzzy logic ap-
proach is depicted in the ''Estimated Waste'' 
column, which corresponds to a crisp value of 
the waste. The corresponding degree of this es-
timated value is represented by the ''Estimated 
waste'' degree column. It is noteworthy that this 
estimated degree corresponds to the biggest ob-
tained degree in waste fuzzy set, as described 
by Equation 1, for each incident. The last col-
umn shows the ''Observed waste'' degree in the 
deployment according to the experts who were 
in charge of handling the incidents. This degree 
was fed by the selfsame experts who have set-
tled the waste linguistic variables and the fuzzy 
rules.
Several observations could be highlighted from 
Table 4. Firstly, the observed waste degree is 
greater than the estimated wastes for almost all 
the incidents. This reveals that, in general, the 
actual incident management process is more 
complex than initially estimated. This may be 
due to additionally required information or to 
supplemental tasks essential for the treatment 
process. This can also result from the experi-
ence limitations of stakeholders, which drives 
the treatment process inefficiently once it is 
identified and launched.
Further, although both the incident INC18 se-
verity and the estimated waste degree were low, 
the observed degree waste was high in the ex-
periment. This is explained by the fact that this 
incident was treated twice. Actually, the affecta-
tion of the incident was bad due to the incorrect 
evaluation and classification at the upstream of 
its treatment process. This situation is generally 
known in ITIL as the escalation activity.
Finally, we consider our fuzzy logic based 
framework to be useful in several contexts. For 
In the context of IT incident management, the 
sets of reported incidents are multiple. We focus 
on a release comprising new incidents about a 
production line. In our experiments, we have 
followed the five phases indicated in the sys-
tematic approach, see Figure 2. We deployed 
the steps using a tool called fuzzyLitte that 
allows implementing and executing the fuzzy 
steps using Fuzzy Control Language (FCL). 
Figure 3 represents the execution flow from the 
input incident criteria to the waste estimation. 
The execution flow uses the settings described 
in Section 5.
Through an illustrative example, Figure 3 high-
lights the relationship between an input inci-
dent and its estimated waste. We should start 
with defining and establishing a set of input 
criteria and thus fuzzify them using the ''tri-
angular membership function''. For this exam-
ple the Severity = 1 ⇒ µ(x) = 0.329/Critical 
+ 0.543/Major + 0.000/Minor + 0.000/Trivial 
Figure 3-a). Then, after applying the fuzzy rules 
represented as the following form: Rk: Si C1 = 
Value1k [AND/OR] ... Cn = Valuenk THEN Wk = 
Valuek (Figure 3-b), the Hamachersum aggre-
gator operator is used to get an aggregated area 
of waste. Finally, defuzzification transforms 
this area to a crisp value, which is considered 
to be the estimation of the waste relative to 
the input incident. For example: INC1: µ(x) = 
0.188/High + 0.718/Medium + 0.000/Low ⇒ 
Y = 1.218, where Y represents a level of waste 
as crisp value (Figure 3-b).
5.3. Experimental Setup and Data Incident 
Organization
In order to organize the steps of the proposed 
approach, the following tool was used to collect 
and process data to incident management: Jira 
software was used to track all the life cycles of 
incidents, from identification to closure, thus, 
to recover the values of the input parameters for 
the fuzzy process. Each incident will be qual-
ified by an IT team with a crisp value related 
to the incident level. Hence, what influences 
all treatment chains supports waste generation. 
This chain consists of seven key stages of inci-
dent response, namely, detect the incident, set 
up team communication channels, assess the 
impact and apply a severity level, communicate 
with customers, escalate to the right responders, 
delegate incident response roles, resolve the in-
cident. These proceedings are likely to generate 
wastes such as rework, delays and other more 
technical stages related to batch and inter-ap-
plication flow.
5.4. Algorithm or Steps of Fuzzy Logic 
Experimentation
This section represents an iteration of the logi-
cal fuzzy application in a real IT service context, 
Figure 3. Example of fuzzy logic method application to an input incident.
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instance, in order to provide a better service 
quality and respect the Service Level Agree-
ment (SLA), the service IT manager could be 
able to revise these clauses precisely, by using 
the estimations provided by the framework. 
This will bring real intervention time for hold-
ing the incident and the SLA clauses closer.
At the same time, by leading this analysis for 
a long period, and by linking each incident to 
the item configuration where it was produced, 
the obtained estimations could be useful in or-
der to enrich a specific item configuration sys-
tem, called configuration management database 
(CMDB) as recommended by ITIL [9]. In this 
way, a set of mechanisms could be applied to 
enhance the incident management process by 
a more precise identification of any inconsis-
tences within this database and then ensuring 
better understanding of the incidents and better 
estimation of potential wastes.
6. Conclusion
Due to unnecessary movement of material and 
information, excess work-in-process such as 
queues and pending request, and to unnecessary 
movement of people in service areas, signifi-
cant waste could be generated in IT services. 
In this article, we have provided a fuzzy logic 
approach, which aims at estimating the generat-
ed waste in a given IT service. As the approach 
allows quantifying this waste based on objec-
tive and certain criteria instead of laying out an 
expert analysis for each waste, we show how 
the approach could be useful for improving the 
IT service performance and its SLA clauses.
As a proof of the concept, we have led the ap-
proach in the specific context of incident pro-
cess management as an example of IT service. 
We worked on a real world case study with 
twenty incidents and checked the adequacy of 
our estimation according to the observed waste. 
As a perspective of this work, we aim at enrich-
ing the CMDB database with the knowledge 
obtained from the historical data in order to op-
timize the incident management.
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